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USE OF CMC IN DRILUNG FLUIDS 

The present invention relates to water43asecl drilling fluid compositions 
comprising carboxymethyl cellulose (CMC). These drilling fluM compositions 
5 are employed In weU-drHling operations. 

The success of a weJI-drilling operation depends on many factors, none of 
which is more important than the drilling fluid composition (also known as 
drilling mud). Drilling fluid compositions perfomi a variety of functions which 

10 influence the drilling rate, cost, efficiency and safety of the operation. More 
specifically, drilling fluid compositions prevent the influx of fonnatlon fluids into 
the wellbore, seal exposed pemieable formations to prevent leaicage of the 
drilling fluid into the formation, maintain the stabBlty of exposed formulations, 
cool and lubricate the bit and drill string, hold bade pressure and stabilize the 

16 fonnation, e.g., shale inhibition. Furthermore the drilling fluid should exhibit a 
theology profile which allows it to carry the cuttings to tiie surface. How well the 
drilling fluid composition fulfills these requirements greafly affects the cost of 
the operation and the productivity of the well. 

20 During operation, drilling fli4d compositions are pumped down a hdiow drill 
string, through nozzles in the bit at the bottom of the well, and back up the 
annuius fomied by the hole or casing and driB string to the surface. Once 
reaching the surface, the drilling fluid is passed tiirough a series of vibrating 
screens, settling tanks, hydrocyclones and centrifuges to remove formation 

25 debris brought to the surface. It is thereafter treated with additives to obtain the 
desired set of properties; pumped back Into the well and the cyde is repeated. 

Drilling fluid compositions are generally composed of liquids, e.g., water. 
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petroleum oils, synthetic oils and other organic liquids: dissolved inorganic and 
organic additives; and suspended, finely divided solids of various types. Drilling 
fluids are classified as to tiie nature of the continuous phase; thus there are 
four main divisions: gaseous (Including foam), water-base, oii-base, or 

5 synthetic. Growing concern among government and envlronm^tal agencies 
over the environmental impact of drilling fluids has led to a significant Increase 
in the industry's reliance on water-based muds. In fact, about 85% of ail drilling 
fluid compositions used today are water-based systems. The types depend on 
the composition of the water phase (pH, ionic content, etc), viscosity builders 

10 (clays, polymers or a combination), filtration control agente (clays, polymers or a 
combination) and other rheological control agents (deflocculants or dispereants 
(qv)). Generally, there are six main categories or types of water-based drilling 
fluid compositions: 

15 Fresh Water. Fresh water fluids range from dear water having no additives to 
high density drilling muds containing clays, barite, and various organic 
additives. The composition of the mud Is detennlned by the type of formation to 
be drilled. When a viscous fluid Is required, days and / or water^oluble 
polymers (qv) are added. Fresh water Is Ideal for formulating stable drilling fluid 

20 compositions as many mud additives are most effective in a system of low Ionic 
strength. Inorganic and / or organic additives control the rheological behavior of 
the clays. paiUcularty at ele>^ted temperatures. Water swellable and water 
soluble polymers and / or days may be used for filtratton control. Mud pH is 
generally all<atlne and. In fsict, viscosity control agents like the montmorillonite 

25 days are more efRdent at a pH >9. Sodium hydroxide Is by far the most widely 
used alkalinity control agent Freshwater muds can be weighted with InsoluWe 
agents to desired density required to control fbmnatlon pressures. 
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$?^ter . Many offshore wells are drilled using a seawater system because of 
ready availability. Seawater muds generally are formulated and maintained In 
the same way that a freshwater mud is used. However, because of the 
presence of dissolved salts In seawater, more electrolyte stable additives are 
5 needed to achieve ttie desired flow and filtrata'on (qv) properties. 

gait Water . In many drilling areas both onshore and offshore, salt beds or salt 
domes are penetrated. Saturated salt muds are used to reduce the hole 
enlargement that would result from formation-salt dissolution by contact with an 

10 undersaturated liquid, in the United States, the salt fbmiations are primarily 
made up of sodium chloride. In other areas, e.g., northern Europe, the salt may 
be composed of mixed salts, predominantly magnesium and potassium 
chlorides. It has become quite common to use high (20-23 wt% NaCI) salt 
muds In welts being drilled In deep (>500 m water depth) water regions of the 

IS Gulf of Mexico. The reasons are twofold: stabilization of water-sensitive shales 
and inhibition of the fomiation of gas hydrates. The high saUnity of salt water 
muds may require different days and organic additives than those used in 
fresh- or seawater muds. Salt water days and organic polymers contribute to 
viscosity. Filtration properties are adjusted using starch (qv) or cellulosic 

20 polymers. The pH ranges from that of the makeup brine which may be 
somewhat acidic, to 9-11 through use of sodium hydroxide or lime. 

CatpiMm Trsated. Fresh- or seawater muds may be treated with gypsum or 
lime to alleviate drilling problems that may arise from drilling water-sensitive 
25 shale or clay-bearing fonnatlons. Gyp muds (gypsum added) are generally 
maintained at a pH of 9-10, whereas lime muds (lime added) are in the 12-13 
pH range. Caldum-treated muds generally require more additives to control 
flow and filtration properties than those without gypsum or lime. 
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Pfttaas f^jn^ Treated. GeneraDy potassium treated systems combine one or 
more polymers and a potassium Ion source, primarily potassium diloride, in 
order to prevent problems associated with drilling certain water-sensitive 

6 shales. The flow and filtration properties may be quite different from those of 
the other water-base Huids. Potassium muds have been applied In most active 
drilling regions around the world. Environmental regulations In the United 
States have limited the use of potassium muds in of^ore drilling ow*ig to tfie 
apparent toxicity of high potassium levels In the bloassay test required by 

10 discharge permits. 

Low Solids. Fresh water, day, and polymers fbr viscosity enhancement and 
filtration control make up low solid and so called non-dlspereed polymer muds. 
Low solids muds are maintained using minimal amounts of day and require 

15 removal of all but modest quantities of drill solids. Low soUd muds can be 
weighted to high densities, but are used primarily In the unweighted state. The 
main advantage of these systems is the high drilling rate that can be achieved 
because of the lower colloidal solids content Polymers are used in these 
systems to provide the desired rheotogy. espedally xanthan has proven to be 

20 an effective solids suspending agent These low solid muds are normally 
applied in hard formations where increasing the penetraUon rate can reduce 
drifling costs significantly and the tendency for soUds buildup is minimal. 

In the drilling compositions as described above, sodium carboxymethyi 
25 cellulose (CMC) and polyanlonic cellu!ose(PAC). a CMC which has a high 
degree of substitution (DS) usually greater than 1.0. are two of the more widely 
used anionic polymers which sen/e to control viscosity and filtration rates. A 
higher DS CMC (e.g. PAC) offers good fluid loss reduction in an electrolyte 
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containing system with a smectite-type clay such as bentonfte. However, the 
effectiveness of CMC, being a polyelectrolyte, a wscosi^ builder has its 
limitations, as its effectiveness decreases with increasing eiec^olyte 
concentration. Thus, regular CMC is mostly suitable for electrolyte-poor drilling 
5 fluid compositions, such as fresh water-based drilling fluid compositions. 
Although high DP CMC's and PAC's are used as viscosity builders (viacosifiers) 
the regular grades do not have the good suspension carrying picperties (high 
low^shear viscosity) which are needed to bring the cuttings effldenfly to the 
surface. 

10 

Alternath^iy, jointhan gum Is employed as viscosity builder and suspending 
agent Xanthan gum has veiy suiteible rheological properties. It forms a gel 
within a short period of time when drilling circulation is slow or Inten-upted. This 
enables immobilization of dispersed solids in the fluid composition. After 

15 circulation is resumed, the gel easily transforms into a ftowing fluid, thereby 
maintaining a good dispersion of the solids contained in the fluid composition. 
IHowever, xanttian gum Is relativeiy escpensive. Moreover, it is only stable at 
temperatures below about 120°C, which maices it less suitable for drilling at 
temperatures exceeding laO'C. Furthennore many xanthan grades contain 

20 veiy fine insoluble material which usually are residues fmm the fermentation 
production process. These insoluble materials are undesired for drilling 
operations as fliey cause e.g. more difficult hole cleaning. Only the more 
e^giensive xanthan grades do not have these insolubles. 

25 It is an object of the present invention to provide a water-based drilling fluid 
composition comprising a cariaojqmiethyl cellulose which has Improved 
pseudoplastic viscosity and gelling properties compared to conventional CMC. 
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This Object Is adiieved by providing a water-based drilling fluid composition 
comprising a carboxymethyl cellulose (CMC), wherein the CMC is characterized 
by fomilng a gel at 25*C after high-shear dissolution in a 0.3 wt% aqueous 

5 sodium chloride solution, the final content of the CMC in the aqueous sodium 
chloride solution being 1 wt% for a CMC having a degree of polymerization 
(DP) of >4.000. 1.5 wt% for a CMC having a DP of >3,00(M,000, 2 wt% for a 
CMC having a DP of 1 ,500-3,000, and 4 wt% for a CMC having a DP of <1 ,500, 
the gel being a fluid having a storage modulus {&) which exceeds the loss 

10 modulus (G") over the entire frequency region of 0.01-10 Hz when measured 
on an oscillatory rtieometer operating at a strain of 0.2. 
The drilling fluid composition of the present invention has good g^ling 
properties as it builds up a gel within the first 10 seconds after circulation of the 
drilling fluid composition ia slow or Intenrupted. The gel sfrength is sufficiently 

15 high to enable Immobilization of the solids contabied In the drilling fluid 
composition, and thus maintaining their dispersion. When circulation Is 
resumed, ttie gel transfomis easffly into a fluid enabling the drilling fluid to flow. 
The rheology profile of the CMC according to the Invention shows a 
pseudoplaetio (=shear-thlnnlng) behaviour, which maltes this CMC a very 

20 suitable additive for adjusting the rheology and suspension characteristics of 
the fluid. In the context of the present spedficaflon the temn "rheology proflle" 
refers to a viscosity profile as a function of shear rate. A further advantage of 
the drilling fluid composition of the invention Is that the CMC of the invention 
combines a good riieology profile with a good fluid loss reduction. The fluid loss 

25 Is similar or even less tiian observed for regular CMC. 

In contrast to regular CMC, the CMC according to the invention may have 
Improved gelling properties when used in fluid compositions comprising 
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electrolytes, which make this CMC suitable for use in salt or electrolyte- 
containing drilling fluids, for example. 

In contrast to regular CMC. the CMC according to the invention shows a less 
temperature dependant viscosity behavior. Regular CMC's show a strong 
5 decrease of the viscosity at high temperatures while the CMC according to the 
invention has a more flat rheology profile when measured as fUnc^n of the 
temperature. This is very attractive for drilling fluids. 

The definition of a gel can also be given in terms of the loss angle, delta, which. 
10 can be calculated from the fonnula: G7G' = tan delta. The CMC to be used in 
accordance vtath the present invention has a delta smaller ^an 45°. 

The CMC accoK&ig to the invention obtains its highest viscosity and gelation 
properties when dissolved under high shear mixing. Drilling flu'Kis usually are 
16 prepared under such high shear mixing conditions. For many fluid testing 
procedures Hamilton Beach high' shear mixers are used. Other apparatus for 
high-shear dissolution are known to a person of ordinary sldD in tiie art High- 
shear dissolution typioiily is achieved by using a Waring blender or Ultia- 
Tunax. These apparatus typically operate at apprax 10,000 rpm or more. 

20 

In the context of the present specification, the abbreviation CMC stands for 
carbo)^methyi cellulose as well as for salts of carboxymethyl cellutose like 
sodium carboxymethyl cellulose, for example. 

25 The CMC to be used in accordance with the present Invention can be obterined 
by the processes described by D.J. Sikkema and H. Janssen \n 
Macromol&Gulds. 1989, 22, 364-366, or by the process disclosed in WO 
99/20657. The procedures and apparatus to be used ara conventional in the art 
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and variations on these known procedures can easily be made by a person 
skilled in the art using routine experimentation. In particular, we have found that 
the amount of water which is used In the process and the temperature during 
the alkailzatlon are important parameters for obtaining the CMC in accordance 
5 with the present invention. Typically, a 20-40 wt% (final content) aqueous alkali 
metal hydroxide solution (e.g. aqueous sodium hydroxide solution) Is used. 

The characterization of CMCs depends mainly on rheology measurements, In 
particular viscosity measurements. See, e.g., J,G, Westra, Macmmolecules, 
10 1989, 22, 367-370. In this reference, the properties of the CMCs obtained via 
the process disclosed by Sikkema and Janssen in Macromolecules, 1988, 22, 
364-366, are analyzed. Important properties of a CMC are its viscosity, 
thixotropy, and shear-thinning effect. 

15 The rheology of aqueous solutions of the CMC according to the invention is 
rather complex and depends on a number of parameters including the degree 
of polymerization (DP) of the cellulose, the degree of substitution (DS) of tlie 
carbO)Qfmethyl groups, and the uniformity or non-unifonnity of substitution, i.e. 
the distribution of carboxymethyl groups over the cellulose polymer chains. 

20 

The degree of polymerization (DP) of the CMC to be used in accordance with 
the present invention can vary over a broad range. It is noted that with the term 
''degree of polymerization" a skilled person will understand tiiat this term refers 
to the average degree of polymerization which means the average number of 
25 glucose units In the cellulose polymer chain. In the context of the present 
invention, a disQnction is made between the following DP ranges, i.e. >4,000, 
>3,000-4.000, 1,500-3,000, and <1,500. Typically, the CMC is prepared from 
iinters cellulose (DP typically >4«000-7,000), wood cellulose (DP typically 1,500- 
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4,000) or depolymerized wood cellulose (DP typically <1,600). Depending on 
the required performance and functionality of the fluid a CMC accoiding to the 
Invention with a certain DP value can be used. DifTerenl DP values will give 
different pseudoplasticity, gel-stnengths and thlcl<enlng perormance. 
5 The CMC to be used in accordance with the present invention typically has a 
DS of at least 0.6. preferably at least 0.7. and most preferably at least 0.8, and 
typically of at most 1 .3, most preferably at most 1,2. 

The Brookfield viscosity (Brookfield LVF, spindle 4, 30 rpm, 25*C) is measured 
10 after high-shear dissolution, for example using a Waring blender, of the CMC of 
the present invention in a 0.3 wt% aqueous sodium chloride solution, the final 
content of the CMC in the aqueous sodium <ailoride solution being 1 wt% for a 
CMC having a degree of polymerization (DP) of >4,000. 1.5 wt% for a CMC 
having a DP of >3.000-4,000, 2 wt% for a CMC having a DP of 1,500-3,000. 
15 and 4 wt% for a CMC having a DP of <1.500. Preferably, a CIVIC having a 
vfecosity of more than 9,000, more preferably of more than 9.500. even more 
preferably of more than 10,000 mPa.$, is used. 

Aqueous solutions of the CMC to be used in accordance with the present 
20 invention are thixotroplc. The thixotropy can be determined by preparing a 1 
wt% aqueous CMC solution and measuring the viscosity as a function of the 
shear rate (i.e. 0.01-300 s"^) on a controlled rate or controlled stress rtieometer 
in rotational mode at 25"C using a cone-plate, parallel-plate or bob-cup 
geometry. An upcurve is reconded in which the shear rate Is increased from 
26 0.01 to 300 s*^ in 3 minutes. Immediately followed by the recording of a 
downcurve in which the shear rate is decreased over the same range and time. 
For a CMC in accordance with the present invention, the upcurve will be at a 
higher viscosity level than the downcurve and the area between the two cunres 
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Is a measure for thixotropy, also referred to as the thixotropy area. Typically, 
one speaks of a thixotropic solution when the area has a value of 5 Pa.s.s '' or 
more when measured at 2 to 4 hours after preparation of the aqueous solution. 

5 It is noted that drilling fluid compositions of the present invention are able to 
form a gel with desirable gel strength within the first 10 seconds after the 
circulation of the fluid composition Is slowed down or interrupted. Without being 
bound by theory, it Is believed that fast build-up of the gel strength of the drilling 
fluid composition In the first 10 seconds after slow or Interrupted drilling fluid 

10 circulation, is due to the presence of lowly or non-substituted parts of the CMC 
according to the invention, which parts are easily accessible and readily Interact 
with each other. The gel strength after 10 seconds of slow or Intenupted 
circulation may be Improved if salts or electrolytes are present In the drilling 
fluid composition. 

.15 

The CMC of the present Invention can be used In a mMq variety of drilling fluid 
compositions, which are known in the ari;. 

The drilling fluW compositions of the present invention can optionally contain 
various other Ingredients conventionally employed In vtfater-based fluids. For 

20 example, such additional Ingredients can Include conventional organic polymer 
additives, or any conventionally used clay or both, aay is mostly used in 
combination with polymers. There are also clay-free systems, the so called 
polymer mud systems. Examples of such organic polymer additives are 
conventional CMC. PAC, starch, modified starch, xanthan. Examples of clays 

25 are smectite-type days such as montmorillonites like bentonite, mixed metal 
layer hydroxide, attapulgite and seplolite. Of these clays bentonite is most 
preferred. 
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Additionally, the drilling fluids of the present invention can contain other usual 
additives such as weighing agente. thinners, inhibiting agents, electrolytes. pH 
adjusting agents, etc. 

The pH of the drilling fluids of the present invention is preferably maintained at 
5 a pH of fron^ 2-1 3, preferably Ironn 8-1 1 , most preferably 8.5-1 0.5. If a clay such 
as bentonite is used in the drilling fluid composition of the present invention, the 
latter pH range is preferred. 

In most drilling operations the drilling fluid composition experiences a high 
10 shear. This is particulariy advantageous if the CIVIC of the Invention is employed 
in such fluid compositions, as these CMCs gelate when exposed to a high 
shear. Applying a high shear Improves the gelling properties of ttie CIVIC 
considerably. 

The gelling properties of the CMC of the present invention can also be 
1 5 Improved by a heat treatment Preferably, the CMC Is treated at 50^C or higher, 

more preferably at 60*C or higher and most preferably at 70'C or higher. 

The drilling fluid composition of the invention can be employed in drilling 

operations up to a temperature of about 140*C. Above this temperature the 

CMC of the invention generally decomposes. Compared to fluid compositions 
20 comprising xantiian gum (which deteriorates above a temperature of about 

120*'C}, deeper drilling operaUons at higher temperatures can be carried out 

using the drilling fluid composition of the present invention. 

The amount of CMC to be used In accordance with the present invention varies 
26 and Is dependent on the composition of the drilling fluid composition and the 
Intended use of tiie drilling fluid composition. Typically, an amount of at least 
O.OS wt%. preferably at least 0.1 wt%. most preferably at least 0.2 v^. and at 
most 3 wt%. preferably at most 2 wt%. most preferably 1 wt%. Is used, based 
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on the total weight of the drilling fluid oompo^Bon. The CMC of the invention 
may have a different functfon than regular CMC. and can be used in 
combination with regular CMC or other polymers, it may also sen/e to partially 
or completely replace the conventionally used viscosity builder such as xanthan 
5 gum. The optimal amount of CMC to be used In accordance with the present 
Invention can be detennlned by a person skilled In the art by routine 
experimentation. 

The CMC to be used In accordance with the present invention, typically Is 
10 added as a dry powder, But can also be supplied as suspension or as an 
aqueous solution. Furthemiore the CMC according to the invention can be a 
purified grade or a technical grade (does contain the byproducts NaCl and 
sodium glycoiates. 
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CLAIMS 

1. A water-based drflling fluid composition comprising water and a 
carboxymethyl cellulose (CMC), wherein the CMC is chamcteilzed by 
6 forming a gel at 25'C after high-shear dissolution in a 0.3 wt% aqueous 
sodium chloride solution, the final content of the CMC In the aqueous 
sodium chloride solution being 1 wt% for a CMC having a degree of 
polymerization (DP) of >4,000. 1.5 wt% for a CMC having a DP of 3.000- 
4.000, 2 wt% for a CMC having a DP of 1 .500-O.000, and 4 wt% for a CMC 
10 having a DP of <1,500. the gel being a fluid having a storage modulus (G') 
which exceeds the loss modulus (G") over the entire frequency region of 
0.01-10 Hz when measured on an osclflatofy rheometer operating at a strain 
of 0.2. 

15 2. The drilling fluid composition of claim 1. wherein the CMC has a Brookfieid 
viscosity of more than 9,000 mPa.8 after high-shear dissolution In a 0.3 wt% 
aqueous sodium chloride solution, the final content of the CMC in the 
aqueous sodium chloride solution being 1 wt% for a CMC having a degree 
of polymerization (DP) of >4,000, 1.5 wt% for a CMC having a DP of 

20 >3.000-4.000. 2 wl% Itor a CMC having a DP of 1.500-3,000, and 4 wt% for 
a CMC having a DP of <1 .500. 

3. The drilling fluid composition according to any one of the preceding claims 
further comprising a smectiie type of clay. 



25 



4. The drilling fluid composition according to any one of the preceding claims 
wherein the smectite type of day Is selected from a group consisting of 
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bentonite, a mbced metal layer hydroxide, attapulglte. seplolite and mixtures 
thereof. 



I7.0kt. 2003 15:21 AlP 0263665867 



15 

ACM 3020 PDEP 



ABSTRACT 

The invention relates to a water-based drilling fluid composition (Uprising a 
carbox/methyl cellulose (CMC), wherein the CMC is characterized by forming a 
5 gel at 25''C after high-shear dissolution in a 0.3 wt% aqueous sodium chloride 
solution, the final content of the CMC In the aqueous sodium chloride solution 
being 1 wt% for a CMC having a degree of polymerization (DP) of >4,000. 1.5 
wt% for a CMC having a DP of >3,000-4,000. 2 vrt% for a CMC having a DP of 
1.500-3.000. and 4 virt% for a CMC having a DP of <1,600, the gel being a fluid 
10 having a storage modulu.s (G') which exceeds the loss modulus (G") over the 
entire frequency region of 0.01-10 Hz when measured on an oscillatory 
rheometer operating at a strain of 0.2. 
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